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NOTICES

When US Government drawings, specifications, or other data
are used for any purpcse other than a definitely related
Government procurement cperation, the Government thereby
incurs no responsibility rnor any obligation whatsoever and
the fact that the Government may have formulated, furnished,
or in any way supplied the said drawings, specifications, or
other data 1s not to be regarded by implication or otherwise,
as in any manner licensing the holder or any other person or
corporatlion; or conveylng any rights or permission to manu-
facture, use, or sell any patented invention that ay in any
way be related thereto. -
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ABSTRACT -
, 21317

A(@Eglitative analysis of six specification systems for
the procurement of high-reliecbility components 1s presented.
Related subjJect headings in the six systems are compared wich
regard tc (1) cost, (2) delivery time, and (3) reliablility
assurance. Ratings are assigned to each of the subject
headings on the basls of the relative effect each system has
- on these three factors.

In addition, the current status of procurement specific?~
tions for high-rellability devices 1s appralsed. This
appralsal covers some of the more serious problems assoclated.
with current procurement practice; A relatively new concept
(Line Qualification) 1s presented as a means of alleviating

these problems. o Z
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1. INTRODUCTION

1.1 General Comnents

The vaslc requirement of ary speclfication 1s to provide
a statement or the operatlonal characteristics a device or
system must possess in order to perform 1ts intended functioh.

It has been apparent for many years, however, that, in addition
to this basic requirement, a procurement specification should
provide a statement of required reilability.

The reliabllity requirements for a glven part increase
with the complexity of the systems in which it is used. Many
military equipments have reached such a level of complexity
that the reliability requirements of their various components
merit as much aitention as thelr operational characteristics.
Practically all military procurement specifications in use
today reflect an apprecilation of this fact; and their effective-
ness in the procurement of rellable parts 1s steadily improving.

To assure that the stated requlrements have been met, the
“procurement documenti must speclfy varlous tests and inspectlons
and set forthcriteria for acceptance or rejection. Such an
approach 1s generally sufflclent to assure that the procured
parts possess the required operational characteristlcs. How-
ever, by itself it is of limlted use for assuring reliability.
It is for this reason that in recent years procurement specifi-
cations for military parts have lncreased the controls over
materlals, processes, procedures, and administration of the
manufacturing operation. In addltion, the testing of parts
- has expénded considerably.
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The increased scopc of the procurement speciiication,
necesgitated by reliability considerations, 1s recul<ing in
better, longer-lasting parts. At present, however, thcre 1s
no concerted effort among consumers. wlth hlgh r=iilab ity
requirements to standardize or consolidate thelr speclificatilon
procedures. The applicatlon of speclallzed vesting and pro-
cess specifications to small-lot purchases of high-reliabllity
parts causes severe penalties .In cost and delivery schedules.
Standardization could ellminate these penalties. Although
technical problems and other factors frequently make the stand-
ardization of operating characteristics unfeasible, the stand-
ardization of reliability assurance programs -- including testing
and processing ~- 18 not generally subject to such limitation.’

1.2 The Line Qualiflication Conecept

The practice of qualifying a manufacturer to produce a
particular part has been commonplace In military specifications
for a number of years. Part gualification genérally depends

on standardization of operating chgracteristics, since such
qualification 1s based on a particular end-use 1teém. On the
other hand, most specifications utillzing the part-qualification
concept contain no provisions for the standardlization of wvarious
tests and processes. In essence, thils approach attempts to ' )
force standardlzation in areas where 1t 1s consldered unfeasible
‘and to omit standardization in areas where it is practical. 1In
addition, for any quallfication concept to acqulre the deslred
result, 1t is8 necessary that a reasonably continuous production
process be maintained. This 1implies a continuous demand for a
spécific item, 1f the Indlviwuai-pirt qualificatlion concept is
té be successful. Technologinal lnnovationd and economlce
factors usually prevent a long and reasonably constant ri:mand
for any specific item. Thercfore, as standards or use patterns
change, requalification or qualification for other items is
required under the part qualiflcation concept.

n
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The concept cf liunc cuallification has the iotential for
eliminating,or at least minimizing, many of the .ndeslrable
aspects of part procurement that are attributasle 10 qualifi-
cation based on specific part types. It is based on the fact
that most production lines produce a variety of end-use items
that differ only In thelr operational characteristics. The
quallty and reliability of parts fabricated from the same
baslic materlals and processes are essentially identical. For
example, a typical transistor production line may nroduce a
family of six devices *“hat cover a broad range of forward-
transfer characteristics. Each transistor typé in this
. family wlll possess unlque operational characteristics sulted
to a particular applicatlon. - However, the inherent reli-
abllitles of all six devices in this family are ldentical:

"In other cases, minor alterations in a productlon process make
1t feasible to produce thousands of part types all of which
possess unique operating characteristics but are essentially
ldentical with regard to quallity and reliability. For example,
" a producticn line that produces integral eieqtronic clrcults.
on a standard substrafte, and has as ite uilly process varlable
the pattern of the deposited intrazconnecticns, could produce
over 100,000 devices which, though operationally unigue, would
possess the same rellabdbllity.

Line qualification would guallfy a manufacturer tol§r$duce
a class of parts on a single production line. Current quailfi.-
cation procedures and tests, with slight modifications:_ean be
utilized for thils purpose. Limitc on the operational shazracter-
1stics would be established in all instances In whici there 1s
“a known relatlionshlp between the part fallure rate :ud a par-
ticular operating characteristic, In other lastaaces, limits
wonld be necessary to provide a reference for guallty assurance
teating. Where such linlte are established they would constitute
‘a "window" at the end of the produetion process through which
only the asceptable parts could pans.



Effective use cf the corccpt of line qualificatlon‘will
require that the quallty dc¢cision be made on the pari's before
unique operating characteristics are established. Thorefore,
the faillure criteria for quality assurance testing carnot bhe
established on end-use operating parameters. It 1ls, however,
feasible to use the delta-testing technique, in which failure
criterlia are based on a maximum allowable variation for a par-
ticular operating parameter. A

An important conditlon in the concept of line qualification
1s that all quality- and reliability-assurance testing is pir-
formed before purchase orders are recelved. The parts are
stored in controlled storage facilities (bonded warehcuses)

- until subsequent screening 1s performed to seleét operationalA
characterlistlices to a particulaf purchase nrder. Additional
testing may be performed at the time of purchase to assure'

- operation of the part in some unique applicatlon not covered
by the established quality- and reliability—assurance'progrém.
Essentlally, this additional testing, whether of an environ-
mental or operatlional nature, wlll be in the form of screens.
Controls are necessary to prevent return to the controlled
svorage area of parts that have been degraded by such screens.

Properly administered, the line qualification concept will
provide the following advantages over qualification by individ-
ual part types: '

(1) The cos* of parts will be redvced, since qualifi-
catlon costs are amortized over a broad product
base. TIn addition, the deletion of speclalized
testing and process speclfications from the areas
of manufacturing and quality-assurande testing wouldt
substantially increase the efficiency, ofi these:
operations and further reduce:costi..

I
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(2) Delivery ... ... be shoriened sirni: zantly.
Under the noi.-gusiification approach. - ich
forces rermtaciurers o compliy simult.. :3ly
wlth 2 lzrge nunbner of specialized testing and

proceve spcecilicavions, dellivery time often exceeds

b3

acn Is expected to be iess than

o

c
cix monthe. I=livery time under the line-
qualificazion zppr

two weeis.

(3) The part manufacsurer will ve able to pace his
productiorn process av a reasonably steady rate
and let the conirclled storage area absord the °
normally erratvic influx of purchase orders. The .
degree of prccuction control required to produce
many types of narts --- to the requisite rellability
level associated with their particular application --
1s virtually impossible 1f the production and
quality-assurance processes are not malntained at

a continuous and steady rate.

Any apprcach to nigh-ieliability procurement specificat.ons
must face the ecoromic realities of industey. If manufacturers
are to institute cxpensive qualification and reliability-
assurance programs, there must exist a sufficlent demand for
the parts manufactured under these progfams. Line qualification
permits the manufacturer to assoclate a broad product base with
a glven program, thereby increasing hils market. Since his
production-line and quality-assurance investment 1s.-not <fepend-
ent on the market for specific part types, he 1s able to
operate at a congiderably lower financlal risk.
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2. ANALYSIS D“CCLufﬁzf

Thils analysis involved a detailed study of six different
specification systems for the procurement of high-reliability
parts. Each of these systems comprises a group of documents.
Four of the systems are capable of describing the require-
ments for all parf types. Two of them are limited tc generic
‘classes of parts.

A system of nrocurement specifications usually consists
of the following:

) General specification
Generic specifications

N~
L N e
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Specification sheets,

The general specification contains requirements that

. are common fo all part types. It usual]yhincludes the
reliability and cuzlity-assurance program reguirements, and
the general requirements Jor ocualification, dawva handlirg,

lot acéeptance, and sampling prccedures. Requlrements associ-~

ated with speclfi: parts or classes of parts are not included.-

The generic spacifications contain requirements thét
are common to a particular generic class of parts, such as
semiconductors, relays, resistors, and other classes. These
specifications elzborate on the requirements of the general
specification tc the extent that tnese requirements are
applicable to a specific generic class. In addition, the B
generic specifications listrequirements that are applicaole
only to a specific generlc class and are therefore not stated
in the general spenification. These requirements may include-
test conditions .rd metheds, definitions and abbreviations,
and envirommental lzciors.




Each generic npecii.cotlon 1s associstco ..'ih as many
specificat on shaate os fherce are part types 1o - particular
generic class. “me spccilication sheets contaln equirements

that are common to & particular part type, Including test
sequence and failure criteria for gualification and lot-
22

acceptance testinT, as well as reauired operational charac-

teristics.

Figure 1 is a bLlock diagram of a typical specification
system. A compiet=s procurement specification for a particu-
lar part type in such =z system:would consist of the appro- A
priate generic snebification and specification sheet, and the
general apecification. In addition, it is not uncommon for .

the general and rrerxelmc spec*liﬂations to cite as applicable

documents a variety of additional speclfications that deal
“with various specialized aspects of production, testing,
marking, packagisg, and'related processes. These documents
may refer to otiher documents, which, in turn, give further ,

 “references -- ail of which are part of the procurement con-
tra¢t unless specifically excepted in the procurement order,
contract, or one of ths specifications.

There are specification systems that are concerned only
with a particular class of parts. 1In such cases the completé
procureménﬁ:specification usually ccn%ists of a general ' ’
specification and a specifil cation sheet -- the generic and
,gengral/gggulremenus having been combined into one document.

///Eusﬂdf/khe-systems involved in the analysis are of this type.

For purposes o; simplification, the analysis described
in this report wes hased on a set of spucifications from
each “of the six systems that described the total' requirements
for a particular part type. The part type selected %o
characterize five of the specification systems was a siliccu
tranaie;er of the tvpe commonly used in_low-ébwer; uigh-speed
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switching circuits. eor the remaining system, ti.c nmart type
was a silicon semiconductor functional block. Thi: device
18 fabricated in much the same manner as the selects ! tran-
sistor type. The selection of identical or similar part
types was necessa~y to provide a common basis for comparing
the test requirements of the six systems.

The specificati-nsc selected to characterize each system

are shown in the following tabuiation:

MIL-R-38100 System

MIL-R-38100A -- Reliability and Quality
Assurance Reaulrements for Established

Reliability Parts, General Specification. for <

MIL-S-38103A -- Military Specifichtion; Sem1-
" ‘conductor Device, Established Reliability,
General Speailication for

MIL-S-38103/508A -- Military Specification Sheet,
Semiconductor Device Transistor, PNP, Silicon,
Switcﬁ Lstabllshed Reliability

MIL-S- 19500 System

MIL~S~-19500C -~ Military Specification, Semi-
conductor Devices, General Specification “or

MIL-S$-19500/69C -~ Military Specification, Tran-
'j‘ sistors, Types2N337 and 2N338 :

- MIL-M-23700 System

MIL-M~é37OO -~ Military Speﬂifibation, Micro~
electronic Functional Devices, General Specifica~
tion for




MIL-M~-23700/% -~ Military Specificaztion Sheet,
Microelectronic Punctional Device, 7.,pe MELl

NPC-200-3 System

NPC-200-3 (National Aeronautics and Space Adminis-
tration) -- Inspection System Provisions for
Suppliers of Space Materlals, Parts, Components,

and 3ervices

85M01643 (National Aeronautics and Space Adminis-
tration) -- Screening Specification for Semi-
conductor Device S2N2412

NASA/UTC System

NASA-XXXXX (Preliminary) -- Electronic Parts for
Aero-~Space Systems, General Requirements for

NASA-XXXXX (Preliminary) -- NASA Specification for
- Semiconductor Devices for Aerospace Systems

NASA-XXXXX/2 (Preliminary) -- NASA Specification
Sheet? Semiconductor Device, Transistor, Switching,
PNP

Lockheed System

-

1415116A {Lockheed Aircraft Corporation) -54Genera1
Specilfication for High Rellabllity Devices

1415259 (Lockheed Aircraft Corporation) -- Generic
Specification for High Reliability Semiconductors

1415259/1-2 (Lockheed Aircraft Corporation)‘--'High'
Reliability Specification, Transistor, Sillcon, NPN,
High Speed Switch ‘



e T o N
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2.1 Analysis Procecire for General Quality and
Reliabilltv Ascurance Requirements

The primary objective of the analysis is to provide a

- detailed comparison of the six separate approaches to the
procurement of high-reliability parts. It was thus necessary

to evolve a method by which similar or related statements in
each of the specification systems could be readily extracted..
The composlite indices shown ir Tables 1 and 2 proved to be
the basls of a satisfactory techniqué for accompllishing this
purpose.

- Table 1 18 a composite index of the general specifica-

ttion syspems. Table 2 is a composite index.of the four geperic
‘specificatlons that are associated with four of the six '

systems. Each of the charts was created by the selectlon of
the most. dptailed specification within the general and generic
groups and the linsertion of the subject headings in a verti-
cal column. The éppropriate paragraph numbers were entered

" in an adjacent column.

A careful reading of the remaining documents in each
group made it possible to assoclate the proper paragraph
number: in each of these documents with the appropriate sub- -
Jeet heading. In cases where the origihal outline did not
ccntain an appropriate subject heading, a heading was added
from one of the rémaining documents. The definiﬁibn or con-
cept associated with each heading in the outline was fiXe@

“ by the specification from which 1t was extracted.

Care was taken not to lose the intended meaning of

: 'ﬁhe paragraph taken out of context. For example, a para-:

graph felating to acceptance éesting in one specification
might be identical to a paragraph relating to qualification

'testing in another specification.

12
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TABLE 1

CUMPOSTITE INDEX OF SUBJECT HEADDNGS IN SXX GENERAL SPFCIPICATIONS

Generio

Mumber

SubJeot Heading

Subject location by Paragraph Numbar in Oenersl Speuifigation

MIJ-R-36100 | Lockheed

NPC-200~3 Em\s/«/m'c MIL~-S-19500

.

MIL-M-23700

SCOPE
Statement of Scope

Ciassifizntion -

APPLICABIE DOCUMERTS

Order of Preccdence

Specifications -

MI1-S-1949]1, Semisconductor Devises,
Preparation for Delivery

MIL-C-45662, Calibration System .
Requirements -

MIL-P-116, Prepervation, Methods of

MIL-P-38105, Eatabliohed Relisbility
Parts, Preparaticn for Delivery of

MIL-P-7936, Parts and Equipment,
Aercnautical, Preparation for
Dolivery

NIL-Q-9858, Quality Control Systea
Requirements

MIL-R-27542, Reliability Program
Requirementa, Aerospace Systems,
Sutaystems, and Equipments -

Standands

MIL-STD-202, Teat Methods, KEleo-
tronic Component Farts

MIL-STD-706, Power Supply Voltages,
Electronic Equipment

MIL-STD-750, Test Methcds for
Semlconduotor Devices

MIL-STD-105, 3ampling Prooedures ard
Tableg for Inspeotion by
Attributes

MIL-STD-1Th, Colors for Coding
Electronio Parts

MIL-3TL-129, Marking for Shipment
and Storage

MIL-8TD-130, ID Marking for U. 8.
Government [roperty

MIL-STD-726, luokaging Roequiremente
Code

Other Publications

Air Porce T,.0,-00-2C3, Deaign of
Clean Rooms

ii4=1, Pederal Supply Code for
Manufaoturer's Cataloging Handbook

L

1.0
1.1

1.0

1,1 and
1.2

2.0 t0 2.2 2,0 amd

1.2

2,1

2.1

2,2

2.2

2.1

2,1

2.

2.1

2,1

2,1

2,1

2,1

2.1

2,1

2.1

1.0
1.1

1.2 to 1.2
1.2.1.2 1.2,

2.0 to 2.0 and 2,1

3.1

2.1

2.1

2.1

2.1

1.0
3.1

to
1.2

3.1

2.1

2.0 and 2.1

L S A B R T e, T TN
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TABIZ 1 (continued)

Oenorio Subjeot location by Paragraph Number in GQeneral “Specification
Line Subject Heading
Nusber MIL-R-38100 | Lockheed |NPC~-200-3| NASA/UTC | MIL-8-19500 | MIL~M-23700
Sthor Pubiications {aontinued)
© 14412, Timite for Naturally
deourring Rsdlation with Wave- 24
lengths Below 100 Angstrones
1412815, X-Ray Inspection 2.1
1t.0-FB39, Dissimilar Netals, 2.1
Protection of .
IMSC-MD137, Niockel Wire, Gold iate 2.1
and Ribbon ¢
IMSC-MD138, Dumet Wire, Gold Plated 2.1
“LMSC-PZ00, Materials ~ Handling and 2.1
Packaging Standards ° -
IMSC~A050422, Supplisr Quality Oon- 2.1
trol System Requirements ¢
NAVSHIPS-900 ,152, Manufacturer's 2.1 2.1
Deugmnm Symbole ¢ -
REQUIREMENTS 3.0 3.0
8 General Requiremsnts 3.1 3.2 3.4 : .
9 Detail Requirements 3.2 3.1 1.3 3.1 3.3
Beliability Aesurance Plan 3.3 4,1.5 1.4 4,2 :
v and
4,7
Reliability level Clsmaifi.ation 1.3 6,2 3.3, .
Reliability Assurancs Plan 3.3.1.5 amd 8.1 2.4
Dooumentation . 15 * ¢
Organizational Structure 3.3.1.1 L 7% 3.4.4
Preining Program S 3.3.152
Desaription of Produotion 3.3.1.3 ana 8.1 3.7 3.4.2 to
Processes and Controls ~ 3.3.1.5.1 . * 3.4,2,2 .
Propristary Procesces and 3, 3 1 3. &2 ¢ 3.4.1
Provaedures 5,1,3 oo
3. 5.1 1 .
Progurenent, Production, and 3.3.1,4.1, [4.0.1.2 [2.4, 3.1, 3.4.2.2
Control Documents .3.1.4, and and 3.4 to
’ 3.1.5.2, h,7.4 2.4.2.2)
. and &,1. edad
Dooumentation Responalbility 3.3.1.5.3 «7.3.3.2 .
_Avelladbility -and Review of '
Documentation 3327 8.2 .
Yield 3.3.1.8
Menufacturer's Pacilities 3.3.1.9, 3.3.4, 3.4 and 3,4.7,3 | 4.4,0 and 4.5%,31 and
03- (3 “c 03 ll 309 and 6'3 6.5
3.6, and . h.3.4
§,10.3
4,1.2 -
Quality Oontiol Requirements -1 3.3.2 5.3.1- ]2, and |k
2.2; 3,5
3.6
Gontrol of Nonoonforming Farts 3.6.2 and | 4,5.5 3.8 4,6,4 34T
and Neterial 3.3.5 and
. i #,5.6 .
66 © Galibration of Teat Baulpmont ? «3.3 and 4,10,3 3.9 to 8,3.4 8,4,1 40,1
. 1,2 3.9.1 . _
. - {ocontinued)
N
N
s
: ) 1k i
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TABLE 1 (cuntinued) ¢
|
Generic L Culdect Loesdlon by Parwiraph Nuomber in Geneinl Specifieation .
Nu‘:g: Subjeet Hoadl o
T MIL-it= 50300 Laockheed NPC-20U=3 NASA/URC MIl~3-19500 MIL~M-23700
Pallure Anulysin and Correcs 3.3.7 ond | 4,1 and 3.h,3
tive Action 3.5.1.10 | h.9.2
Pailure Reporting =.3.7.1, h.1, 3.3.2.5
h.1,5,and | #,7.5, .
3.3.7. and N
7 B,Yei §
Pailure Mode Identiiication 3.3.7.2; | h.9.z 3.4.3.1 i
and Audit 3.3.7.3 and 0.7 i
Failure Analysis of Parts %.3.'{.10, 4.9.2 3.4.3.2 H
3.5.h,
- 3.3.7-
RN 1
Pailure Analysls Capabili- -
ties and Technigues 3.3.7.5 .
Corrective Action 3.3.8.1 :n.% and 3.4 3.4.3.3 B
T o5
Improved Prototype Parts 3.3.8.2 -
} Bvaluation of Corrective 3.3.8.3 .
. Action ° -
’ Prototype Inprcved Parts, 3.3.8.4 ;
Evaluation Testa i
) Improved-Part Approval 3.3.8.5 )
Elapsed Time for Approval 3.3.8.5.1 '
64 Test Dats Transmittul 3.3-2 and 4.3.2, 3.5.2. ' i
. ol 4.7 to 3.5.2.4,
4.7.3.1.4, 2.3.2.3, B
and 6,7 to 3
6.,7.3.3.1.3 3.5.2 .
Standardized Dovument 3.3.9.1 ] 3.10 to 3.3.2.3
Forme 3.10.3.2, .
an -
.8 vo 8,2
64 Application Data 3.4 to 3.5,2 to
- 3.4.23 2.5.2.2:
_ G2 3 A .
4o Sualification Rogujrements 6.9 6.1 b.h.3; -2 2
€.2"to 22 2.af
6.2.2 6.3
- Initial Qualificaviun 3.5 LIPS
Roquirements
Materials Donign and 3.5.1.1 3.3, 3.4, .
Construction 4.b.5, .
. uiulh
Part Failure-Rate Level 3.5.1.4 4.6.4.4.1 3.3.2 - .
and 6.2 H
Qualification Inspection 3.5.1.2 {441 3.3.2.2 9.5 7 4,5, .
Requirement . and G.5:1, -
- h.4 9.5.4,
and
. i 9.5.5
Qualification-Teat Sample 3.5.1.5 | b.4,2 4.4, h.y.2 k.3.3
Parts and a
4,4,2 4.9.3
. B {continued)
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eALLE 1 {cuntipund)
4 neric Subjoert Joentton Ly Parewo aph Bumber $n Geacral Gpecification
wine SubJoet Heuding — . -
. Mumbor Pibi-30100 Lackheed WEG-00us3 | NASAAVIC | MLies-10s00 | MILeMe23700
Environmental Tosts for Quili- 3.4%.3.3 LA 3.3.2.2
fication
Initial Pailure Rato Tests 3.9.1.7 h.h4,1 3.3.2.2
Retablishment o Puillure-
Rate~Level GOual 3.9.1.0
Qualifization Test lata 3.5.1.8 h,7.2 %o
hot.3.000,
and
6.1.2
Verification of Qualification Dulu 3.5.1.9 4,7.3.1.2 3.3.2.1
Qualification Maintenanco ?.p.? to 4,44 4.4h.3
E Roqualification 3.%.3, bhohh 4,44
. - ?.13, ond
- 1.0
Pedlupo-fate Administration 3.1
Pailure Rate Teot Records 3.,7.2 and 4.6.1, 3.3.2.3
3.7.0.1 4.6,2.1, and .
©and 3.3.2.5
. h.6,2.2
Cortification of Failure 3.7.3 4,6.2 3.3.21. | ' .
Ratu Level -
Exemption of Dats ‘ ¢ 3.7.5 4,6,2.3 3.3.2.9
Reinitiation of Deta 3.7.4.2 4.6.2.1 3.3.2.6
Accumulation . . =
7 aadified
3.7.6 -
Oorrection of Fallure Rate
level 3.7.6.1 3.3.2.8
Cexrtification to a Lower
Patlure Rate lLavel. '3.7.6.2 3 5
- Grouping of Part Designs 3.8 3.3.2.,10 4.3.3
Homoganeity Requirements 3.9 3.4 .
Handling, Assembly, &nd N
Taat g\euﬂuttou‘ . 3.10 3.5.2.2
¥ Marking Raquiresents 3.8 to 3.6.1 T3
3.8.3
Iate Code 3.12.2 3.8.9 3.5.1.3 3.7.6 3.7.5
52 Prefix 3.7.1 3.7.2
46 ‘ Manufacturev's Identifioca- - 3.12,1 3.8.2, 3.7.7
. tion . 3.,8.6,and
3.8.8
Qualification Designating 3.7.2 3,74
¢ Code -
. Country of Origin . 3.7.5 3.7.6
Terminal ldentificution - g.‘_;. :nd
53 Uolor Code i 3.7.3 o
51 Polarity ’ - 3.7.4
Military Designator and 3.12.3 3.7.8 o -
Reliability Indicator 3.7.3.2
&7 Type Designation N
Value 3.32.1 .
Tolerence 3.2 R +
8 8erialization Egt and 3.5.1.2.
- *fe
50 Malmus M <ddng .73 to
) g.'l.!.?
e T T - - ¢ (oontamed)
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TABLE 3 (continued)

c;'i‘"“ Subject Location by Paragraph Mumber.in General Specification
ne
Number Subject Heading
* M1i~R-38100 lockheed NPC-200-3 NASA/UTS MIL-8~19500 ML ~M-23700
Acceleration Factors 3.11 and 3.3:2.7
by Parts_and Materials General 3.5.1,1 3.4 3.4.1
quirements 3
12 Fungus Resistant Materials 3.5.1 3.5.1
14 Solder and Welds
15 Soldering Flux
16 Terminal Insulator
17 Sleeving Insulation - '
Physlcal Conditirn of 3.4.1
Materials
13 Netals 3,.5.2 . 305'2 o
Unacceptable Materials 3.4.2 - .
Dissimilar Metals 3.4.3 . .
18 Terminals and Leads 3.4.4
List of Materials 3.4.5
10 nu;fii and_Congtruction Genersl 3.5.1,1 3.3 3.4, 3.6 3.6 -
- Requirements - .
Soldering 3.3.1 Z N
Terninal and leads 2.3.2 and
5 R
Threads - 3.3.3 A
Standard Operating Voltages 3.4.3
Pault-Location Test Points ~ 3.6:2
i Physlcal Mwensions . ¢ . 3.6 3.6.1,
44 Workmanship 3.9 - 4.8.1 "8 3.8
54 QUALITY ASSURANCE PROVISIONS - v
nspectio nufa 4,101 4.1.6 - 2.3 4.3.2 - kA LT5)
Witness of Inspection 3.1.6 and 4,14, 1.5, H
aaa w17 3.2,and | 3.3.2.1
3.2, and
. . . B} 4,3.5
65 - Inspeotion Conditions - 4.1.2,1 4,10 to 4.3.3 4,4 and 4,8 and
ih,10,2 4,4.13 b.4,1
4.5.3
Procedure in Case of Teat Pallure 4.1.2.2 4,6,2.3 3.3.2.9 4,4,2 4.4,2
or Operator Error and G
=, 4,7.3.1
. . : . 4.7.43.1 ) . - g
5% Classification of Testa 4,1.6 4,2 - :.3}.1 amd | 4.3.3 §,3.1
Inspection following Storage 3.6.1 ) 4,2 4,2
55 | Suslificaviop Inspoction (teste) 42 LR bow h.5.1 s
56 Sample ’ 42,1 t.4,2 snd 4,4, 4,5.2 to 4,3.3
u.u.gix, W43 \ 55 e
4,4,6,and ‘
AT , }
58 Soreeni: 4.3 to 45
"8 43,2 i :
Putlure-Rate Teat Life 4.2.1; 4.6 to 4,7.1 4,6,5 to 4
» y tng (1se) 4,81 and 4.6.2.3 smi2lz, | 4l8.8.2.2 *
“l“lltl‘ N 3.3.2.2, N
' 4,4,3 to : and i
- - u.“.”j 6.6 N . 3.3.2.4 <
57 Quality Assurence Inspection 4,2 4,41 4.5.4 4.5
) R {oonty-ed )
4 N .
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TABIE 1 {contiruecd)
e Subject Lo -ati ) Nusber 1n G 1 Specificat
umr Subject Heading — Jec ation by Psragreph r in Genersl Spec cation
KIL-R-38100 Locxheed NPC-200-3 | MASA/UTC | MIL-5-39500 | MIL-N-23700
a2, A e ata 3.6 4.5 3.6 5.6 ana §.6.2.1.2 4.6
& - ] 8.6.2
, Classificeilon of Acceptance 4.3.1 ) 4.6
Tests
' A1 Samplo 5.3.2 to 450 .5 and 4.6.1 5.6.2.1.3; 6.4
: k3.3 3.:2 4.6.2 to
4.6.2.1.1
] Subgrouping of Parts k.28 -
Group A Inspection 8.3.5 o 4.6.1 3.5.1 ara
i A 3,50 +r.6.1.1;
Group B Inspection %.3.6 8.6.3 to 2.6.2 and
g } 4.6.3.3 8.6.2.1
Oroup C Inspettion 8.3.7 8.6.4 to 4.6.3 ¢o
- 8,6.4.4 4,6.3.3
35, 63 Life Test for Acceptance 3.T.3, §.5.3 &.7.2 4.6.5 to 8.6
. .8.1.2 and 5.6.5.2,2
7. akaa, 8.7.2.2
. and 3.4, .
" Early Shipment 4.5 to k5.3 4.7.2.3. 4.6.5.2.3
4.5.1.2 to : -
. ) 1.6.5.2.%
T Resbmitted Luts §.3.8 5.6.5t0 | *66 “8.3.5
-DMapoasl of Sample Devices 8.3.9 :.gz and 4.6.3.4 b.S.7 LR
39, 6 s of pat - 4.11 and - 4.8 NG ana ° AN ana -
cn, ang 7 5.12 4.0.1 LR %Y
k(4 Visual and Mschanical Inspeo- 4.13.16 and 8.8
tion £.11.14
2 Environmental Tea“ing and 3.5.1.3 .5 and 2.2, :
Requiremsnts 5.2 - 6.6.?, and
= . 5
b2 Acceleration R &11.1 to
i . - 4.11,1.5; N
E . 3.5.1
26 Prossure 4.11,2 snd 4.8.2.5 .
33 Humidity (Mojsture 5,11,3 snd 4.8.2.6
) Resistance) . 3.5.3 T
29 Terminal and/or lLesd K l
B Strength .
a Pungus
- Lead Patigue 4.11,4 to
- ’ B 3.11.4,3 e
7 Lea’. _atection £,11.5 te
- 4,11.5.2.3 - -
kT 3a)t Atmosphigre 4,11.6 to
}como‘aﬁ 4.11,6.8;
3.5.8
Radistion 4,11,7 and -
3.5.4 §.8.2.71
23 Shock 4.11,8 and 4.8,21
- 3.5.5 .
a¥ Tenperature ;.gléﬁr and §.8,2,3 -
s Torque . - 4,11.10 to
. - k,11.10.4 . o
28 Vivration 3,11.11 to . T
! £.11.11.2; §.8,2.2 -
3.5.7 %0 .
3.5.7.2 .
Insulation Resiatance 4.11,12
(fmtunﬂ)
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TABLZ 1 (continued)
Gereric Subject Location by Paragraph Numbor in General Specification
Line Subject Heading
Nunber MIL-R-38100 | Lockheed | NPC-200-2 | NASA/UTC | NIL-S-19500 MIL-N-23700
Dielectric Withstanding Voltage 4.11.13
- 3 Effects of Soldering and
Solderabllity 4.11.15
Acoustic Kulae 3.5.9 4.8.2.4
68 PREPARATION FOR DELIVERY 3.0 lng 3.3 54.1
+3.1.
(5] Packaging & Prerervation 5.1.1 5.1 tus2 5.1 5.1
Sealing . 5.1.2
73-79 Packaging for Shipment . 3.3.1.10 5.1.3 :
Exterlar Shipping Containers 5.1.4 { E °
Packaging Devialion 5.1.5
70 Preservation & Fackaging -
under Controlled Environment 5.2.1
80 " Marking , 5.2.1
Unit & Intermediato Cont. 5.2.2 ) 5.3.1
‘High-Reliability Marking ° 5.2.3 5;;1'&2
. - 1 5.3.3 .
: Reservations 5.3
Acceasory Hardware 5.8
Packaging Ares 5.5
Data 5.6; 6.7
H to 6.7.3
NOTES 6.0 6.0 6.0 6.0 6.0
60 - "Lot", Definition of ; 6.1 h.5.1.1 3.6 j%.3.2 to - h3.2
- and 4.3.2.13
h4.5.1.2, &4.3.2.11
6.3.11 . .
87 Definitions, Adbreviaticas, and 6.1 6.3 to | APPENDIX A 3.3 °and 3.4 | 3.3 and 3.4
S 1is 6.3.2,2
" 88 Omtering Deta 6.4 6.1 6.1 6.1
Changes Requested by Manufaoturer 6.5
: "Changes Required by Procuring Activity 6.6 1.6
B2 Intended Use .
83 Storage Temperaturs_ i
) 84 Life Degradation . .
85 Handling I'recautions
86 Vendor-Manufacturer .
Confidenca Level N 6.3 . 4 6.4 R
International Standardization i 6.5 6.4
Agreements .
Summary of Required Date 6.6
L]
19
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TABIE 2
COMPOSITE IMDEX OF 3UBJECT HEADINGS IN POUR GENERIC SPECIFICATIONS
Subject Location by FPeregraph Number in Gsneric Spocification®
Generio
Line : Jubject Hesding RASA/ITC NPC-200-3 Lockheed MIL-R-38100
Huaber -
1 Scory 1.1 1.1 1.1 and 1.2 1.1
2 Cleasification 3.2 to 3.2 6.3.9.1 1.2 to
1.2.1.3 1.2.1.9%
T3 APPLICAKLE DOCUMENTS 2.0 04 21 2.0 and 2.1 2.0 and 2,1
.1
& Ordor of Precedence 3.6 2,2 3.2
L1 Specifications
NASA XXX, Purta for Aerepace Syetema,
General Regquirements 2.1
RAZA XOOXOXX/X, Item Specification”™ 2.1
KIL-8-19491, Semiconductor Devices, -
freparation for Delivery of 2.1 .
MLi~A-148, Alumisum Poil 2.1 N .
MIL-P~22191, Filas, Trsnsparent,
Flexible, etc. 2.1
N1~8~19500C, Semiconductor Devioces,
_ General Specification for ) 2. 2. 2.1
85M01650, Rsdiogrsphic Inspsotion
of Electronic Parts 2.1 21 2,1
6 Mandards ,
- MEL~STD-202, Test Metands for Klieo- .
tronde Parts - 2,1
MIL-STD-750, Test Nethods for Jemi- .
. conductors 2.1 2,1 2.1 2,1
7 Qther Publicatfions ’
D-202 (ASTM Method), Methods of .
Sampling, eto. ” B 2.1
© PPP-T-76, Tape, Pressure-3ensitive,
ete, 2.1 ~
PPP-B-566, Baxes, Folding Paper-
board 2.1
PPP-B-601, Boxes, Wood Cleated
Ply#oed - 2.1 .
PPP-B-636, Foxes 1, Piber Board 21
¥PP-B-665, Boxes, Paperboard Metal
Stayed, sic. 2.1
PPP-B-676, Boxes, Set-up Paperboard 2.2 .
PPP-C-B43, Cushioning Material, .
Cellulosic 2,1 -
1412615, X-Ray Inspection of Semi- -
ecnductor Devices 2.1
1415259/0, Index to Item Specification 2.1 * h
1435116, General Specification for
Kigh-Reliability Deavices - . 2. 2,1°
KPC-200-3, Inspection Systum Provie
siona for Suppliers, eto. i 24
STD-R5~236, EIA-NEMA Standarde for
Color Coding Semiconduntor Devices - 2.2
-8 OQENERAL REQUIRRMENTS 3.6 2.2 3.2 )
9 Ietail Requiresents 3. 3.3 3.2 R
10 Dasign and Construotion 3.1.) to 3.4 ' 3.3 and 3.5 and
. . 3.4.4 3.3.5 +5e
1 Nakgrasls : T 3.4 3.4
12 . Tungus Reslstance 3.4, - 3.4 .
13 Meta). 3.2 : 340 . .
14 Solder and Velds 5 3.9 22.% to -
15 Soldering Mlux 346
. 'Eloh iomno specifiocation is ldentified ir luaw 'ﬁcbi; by the name of the specification aystem of uﬁxch it 10 a pavs,
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TABLE 2 {Continucu)
Subject Location by Parugraph Nunber !n Generic Specification
Generic - . -
Iine Subject Houding NASA/UTC NPC-200-3 Lockheed ML-R-38100 |
Numticr - -
16 Terminal Insulator 3.4.7
17 Sleeving Insulution 3.4,2
18 Terminals and Leads 3.4.2 3.6.5, 3.5.3,
. . and 3.10,2.2
19 Semiconducto~ Material 3.5.2
20 Blectrical Charscteristics 3.10 3.3 3.0 e 3.7 3.7 to 3.8.34
21 Envipvnmental feguirements and Tests .11 and 3.5, 3.7, | 3.6
.6.1 - and 4,11
22 Accelerstion 2‘5.1 and 3.0.13 ana
Ak L,4,23
2 Shock . «5.5, 3.7.3 3.6,19 and
3 3.1 b,and " 16.20;
4.131.2.2 4.19 and t
h,4,20
2u Teaperature 3.4.6 to .6.8, 6,2,2;
3u-0.23 3008 o
A1, 4.4.8,2;
4.4.22 and
4.6.17
25
. 26 Pressure 3.7.9,
. _8,11.2, am
—4,11.27
Seal {Pre ) ) o T.7 .
i el {Prensure) ‘ : . N1i's, and 5
4.11.25 &4,
28 Vibration . +5.9, 3.7.h, 4.
- .11.11, snd &,
. 4,21,31.3 3.
. - ; 3.
&,
: B . L
2 Terminal and/or Leod Strength 4.11.4 and 3.
i od/ e B 4,11.10 3.
’ %
4,
30 Radistion ) - JBa2L7
n Pungus ?'
3 Soldering and/or Weldi ~3.9 7.5 and 3
# : ne and/ ne : 2ins 3.
L] "'
L. ) &,
33 Moisture, Humidity, and Dew Point 3.7.2, 2
4,11,20, and .
4 Corrosion (Salt Atmoaphere 3.4 .7.1 and 6,18 and
3 orrosisn (2 pere} 2 1ik Liie
35 Life . - 4.11,19, 3.6.10 to
- . 4.11,2), and 2.6.11.1;
.11.26 . 8.4.10 to
C 4,811
{ 36 Examination -
Visual and Mechsnical Examtnations 4.,10.1 ana .7.6 und .6.1
3 b 4.10.2 il 12330 aa
) . b.k,1
X-Ray Examination B 4.10.5 T 3.7.8 and 3.6.,2 to
» Y ] 111,16 L4z
- Electrical uirements and Teats .10 and 4,10.3 ang 6 to 3.6,2; 4,5 to 4,5,5%;
39 Rog ] 2.5.1 5.30.%; ?..u.xz. 2 vo :..2,3:.'
) %.,10.8 -J'B‘ -.136
4o Quslification : 3.6 34 -2l w2288 e 13
L) Scruening . - 3.7
2 Lot Acceptance . 3.8 - - o )
u3 Reliubility 3.9 ) -
'] Worimanship . 3.9 317 .
{continued) )
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TARLE 2 (Continued)

Subjact Location by Paragraph Number in Gunerice Specification

Generts Subject Heading NASA/UTC KPC-200-3 Lockheed XIL-R-38100
¢ Number
L1 Marking 3.5 3.8 3.8 end 3.10
} 3.8.13
6 Manufacturer's Idontifieation 3.5 3.8.1 3.10.4
7 Type Designation 3.8.2 3.10.5
A8 Serialization 3.8.3
&y Date Code 3.8.4 3.10.3
50 Minisum Mariing 3.5.9 and 3.10
3.4.10
51 ‘Polarity 3.8.11 end 3.10.2
3.8.12
52 Prefix 3.10.1
53 Color Codiug R 3.10.5.1
s QUALITY ASSURANCE PROVISIONS :.3 to 4,4; 4.0 and 4.1 4,0 and 4,1
.t
5 . 1ificgtion Ins 4,1.1.1 4.8 te 4,41
g Qualificetion Inspectlon 4.8,3 :
56 Samples for Qualification 4.1,1.2 z.g.x and PR
57 Incpection Routine 4,1.2 4,8,2 u,4,7
58 Bcreaning Tests and Inspection b.2 4.3
59 Acge, c= 4.3 to 4.9 to 4.5, 4.5.2, 4.1
fiaeentanes eating aod Inanes- u3.2 9.1 zhd .53 o
60 Lot Definition ] 4.3.1 : h.5.1 8.3.
61 Selection of Samples and 4.3.3 to k.2, 4.5.2, 8351
- Sample Size - 4.3.3.3 and 4,5,
62 Lot Acceptability h.3.4
63 Life Tests h.oha . 4.6 to 4.6.2.3;
- 4.5.3 and
4,5.3.1
64 Test Documentation and Qeriera- '6.2 to 4.7.to ‘
tion of Application Data 4.0.3 4.8.3
6% Teat. Conditions 4.9 and 4.2 vo 82,2
. Jdo -
(73 Test Equipment Calibratior u.ig.g and 4.3
61 . Daviation from Test Mothod h.32
68 PREPARATION YOR DELIVRRY 5.0 5.0 5.0 5.0
. 69 1| [Preservstion & Packaging 5.1 5.1
T0 freservation 5.1.1 . 5.1
T Packaging 5.1.2 5,2
72 Chipboard 5.1.2.1
173 Plastic Blister 5.1.2.2 e
: Th Teating Provisions 5.1.2.3 }
: 75 Removal $:rip 5 and 5.1 !
: 76 Eleotrical Shielding 5.1.2.4
el i 4 Intermediate Container 5.2
78 Packing 5.3
79 Ievol: "a", "B", "0" %.3.1 to
; . 5.3.3
80 Marking S.b 5.1 .
81 ‘NOTES 6.0 to 6.2;
. 6.5 vo 6.7 y
4 82 Intended Use 6.1 6.1
83 . Storege Tempersture 6.2
. 84 Life Degradation 6.3
85 Handling Precautions 6.4 -
86 Veruor-Marufsoturer 6.5 *
. )4 Definitions, Abbreviations, Symbols 3.2 to 3.6 6.3, 6.3.9,
3.3 and 6.3,23
88 Ordering Data 6.4 §.3
89 Qualification Cost 6.1
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The generai and generic indices were developed
independently, primarily as a matter of convenience. How-
ever, before comparison of the six systems could be made, 1t
was necessary to develop a means of merging the two indices,
for the following reasons:

(1) Most current specification systems generally fol-
low an outline form that has been recommended by
the Department of Defense¥* and endorsed by the Elec-
tronic Industries Association. However, there are
significant departures from standard procedure in
all specification systems. The most important
departure, with regafd to the 1ntgnded function -
of the composite indices, is that requirements -
contained in the general document of one system ‘
may be contained in the generic documént of another,
-and vice versa. : '

(2) Many of the generic requirements are elaborations
"on statements made in the generai document. In
some cases, a general requirement 1s meaningless
without the assoclated generic requirement, and
"vice versa.

(3) Two of the six systems involved in the analysis ~
are two-document systems (MIL-S-19500 and -
MIL-M-23700)., Their total requirements above thé ‘
specification-sheet level {requirements that are
contained in the general- and generlc documents 1n
three-document systems) are all contalned 1n a

-

!

\

okt adi Y Gk e ,«.& okt et s

* Department of Defense -- Proposed Outline of Form and
Instructions for the Preparation of Design and Procure-
ment Documentatlon for Military Components, 1958.
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single specification. These two systems are
referenced in the general composite index and,

unless the general and generic indices (Tables 1

and 2) are merged, it is impossible to compare their
generic requirements with those of the three-
document systems. The same situation would exist

if these two systems were referenced in the generic
index. In this case, i1t would be impossible to com-
pare their general requirements with those c¢f the
three-document systems,

A convenient method of merging the two indices was to
number the generic subject headlngs 1in arithmetic sequence.

" The numbers appear in Table 2 in the first column; they are

called "generic line numbers". Subsequently, the appropriate
line number was entered in the first column of the general
index (Table»l). For subject headlngs in the general index
to which no generic information is applicable, the "Generic
Line Number" column is blank. For subject headings in the

-generic index to which no general information 1is applicable,

the generic subject heading and line number are inserted at
the appropriate place according to the context of the general
index, and the space for general-document paragraph numbers

is left blank. | ‘ .

A1l paragraphs (in all six systems) that contain related

- pequirements can be extracted in their proper context 1f one

reads horizontally across the general composite index, Table.l.
If a number appears in the "Generic Line Number" column, it is

necessary to turn to the generic index (Table 2), locate the '

referenced line numbgr;‘and note all p2ragraph numbers on this

line.

i4
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In both indices, one paragraph number is frequently
associated with several subject headings. This assoclation
occurs when a paragraph in a particular document contains
information that 1s pertinent to more than one subject
heading in one of the composite indices. When such multiple
requirements are found in a paragraph, it 1s necessary to
extract only those which are pertinent to the subject heading
under consideration. This generally does not present a
serious problem if the scope of the subject heading is well

- understood. ' '

As an analytical aid, 1t was found convenlent to arrange
the paragraphs on large charts in thelr proper order accord-
ing to the composite indices. By resding horizontally across
these charts, one could make a rapld comparison of the '
requirements relgting to a givenrsubject for all éix éystemg._

As pointed out previously, the sole function of speci-
flcatlon sheets in the majority of systems 1s to state the
type of tests, the test sequence, and the pass~fall criterila.

"Of the 8lx systems analyzed, only one does otherwise. 1In
this case [85MO1643(NASA)] the generic requirements are con-
talned in the specification sheet. These requlrements were
extracted and entered In the generic composite index.

2.2 Analysis Procedure for Test Requirements

The speclalized test requirements assoclated with speci-
ficat;onAsystems stréngly influence the cost and delivery
time of pafts. Delivery time, which is-often several months
for.certain part types, 1s almost exclusively determined by
test requirements. Test cost 1s frequently several times the‘
basic cost of a device. Both of these factors are affected
directly and indirectly by test requirements. A slgnificant
portion of ‘the dellvery time consists of test equipment
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scheduling and administrative delays (analysis of
specifications, 1ssuance of special instructions, data re-
cording, conferences with purchaser for clarificatior, ete.).
Part cost 1s affected signifiicantly if the manufacturer is
required to pre-screen his product rigorously in order to
assure that it will not be rejested during lot-acceptance
testing. ' |

Lot-acceptance testing by sampling techniques provides
an estimate of the quality and reliability level of a lot.
However, the degree of confidencé associated with the esti-~
mate varles radically depending on the degree of testing and
type of sampling performed. '

For these reasons, test requirements were given special.
attention. The flow charts in the appendix to this report
Indicate the types of tests, testing sequence, and sampling ‘
pians assoclated with the six specification systems. Although
the test requirements called out by varlous specification
sheets withiﬁ a generic class of a particular system may
vary, the specifiéation sheets selected to characterize the
six éystems are thought to be typical of the majority of speci-
fication sheets in each of the systems. It 1s significant to
note again  that all the charts except one describe the test;
requirements for a sillicon high-speed, low-power switching
transistor. It 1s reasonable to assume that in the majority

-of instances, the application and environment. to which any

of these five devices 1s subjected will be essentialiy the

same.

Tables 3 and 4 were developed from information extracted
from the éppendix flow charts for. the purpose of summarizing
significant points.
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TABLE 3

ELECTRICAL-MEASUREMENT AND LIFE-TEST .
REQUIREMENTS FOR QUALIFICATION AND
‘ ACCEPTANCE TESTING

L

a7

Specifica;ion %&g%ggm &1fe
System ’ of ﬁgigs
- Measurements
Qualification Testing
MILTM~237OO 1,984 © 1,000
MIL-R-38100 2,280 1,000
MIL-8-19500 | 4,780 1,000
NPC-200-3 5,896 2,000
NASA/UTC 8,865 .| 2,000
Lockheed 1 10,841 - 2,000
Accepﬁance Tesﬁing
MIL-S-19500 - 528 1,000
MIL-M-23700 1,241 1,000
MIL-R-38100 8,292 1,000
NASA/UTC 11,989 | 2,000
Lockheed | 12,203 1,000
'NPc-epo-s l 31,000 240




TABLE 4
COMPOSITE INDEX OF TEST REQUIRFMENTS FROM SIX
. SPECIFICATION SHEETS
LTPD* and Screening Requirements
for Qualification (Q) and Acceptance (i) Testing
Type of Test Moo | 25700 | "ios00 | Locxheed - NPC-200-3
Q A Q A Q A Q A Q A Q
Operational Characteristics 2 18/2! 3 5 S 10} 1 4 5 5 S
Operating Life 10 4 {15 |20 8 0| 6 10 10 3 8
Storage Life 12 15 |20 3 0] 6 4
Visual 2 15 {20 S 811 4 8/2 N 8
Physical Dimensions i 15 (20 {11 | 20 5
High-Temperature Stabilization 2 R S S S 8
Temperature Cycling 12 |10 {15 {20 {11 | 20 s s 5 24
Buri-In 2 |8 ‘ s s | s |s| s
Thermal Shock 115 120 15 | 10
High-Temperature Operation . 11 20
Low-Temperature Operation - il 20
- | Soldering Heat 18 15 {20 , -k
’ Vibration (Condtant) 15 {20 {11 {205 {10 | 5 |8
Vibvration {Variable) - 2 |s l1s {20 j11 | 20} 5 10 5 24
Vibration (Random) . | 18 8/5 , 10
Acceleration 18 15 |20 1l 201 5 |8/10 1 8/5| S |24
Shock 18 15 {20 |11 20! s 10 | 8/5 {8/5] 24
Moisture Resistance ’ 32 10 115 (20 |11 20 115 10 5 S
Salt Atmosphere 18 11 |20 115 -1 20| 5
Dew Point . ) 15 .
f Lead Fatigue ' |25 leo 15 |20 |u1 | 2015 |10 | 5 2l
Hermetic Seal 12 |s. s/s|s/10 | sf2 | 8 |speu | s
) Radiation ’ ) ) 5
X-Ray ' ' ) s s |sr]| s 8
Solderability , 20 1 {215 [0 |5 24
Intermittent Opéraeion 6
* Lot Tolerarice Percant Defective
NOTES3 ili Numberas represent LTPD'a and indicate that sampling plan is used.
2) “8" indiocates that the entire lot is soreened. . oL
3) "8" followed by & nwiber (e.g., S/2) indicates that in addition to the screening, | ~
- sampling is suteequently performed. The number is the LTPD, - 1.
(4) Eg‘olg dzg: {éﬁn&%gg Sg‘hgghwégégdzgt}é‘igd ﬁégtt.mia table by the name of the P
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Table 3 indicates the number of electrical measurements
and life-test hours requirecd for qualificatlion and acceptance
testing. The electrical mecasurements for qualification are
based on the lowest reliability level allowable (typiecally,
17 pér 1000 hours). Acceptance measurem:nts are based on a
lot size of. 1000 units. '

Electrical measurements add signiflcantly to test costs.
On a unit basis, the average cost of an electrical measure-
ment,which includes individual handling and data recording,
can be many times that of an environmental test, which 1s
usually performed on bulk guantities of parts. The time )
required to conduct life tests represents the theoretical
minimum delivery time and the minimum time required for
‘qualification. However, for special test requirements these
minimums are frequently exceeded by weeks or months, because
of administrative delays, test equipment unavailability, and
other delaying factors.

Table 4 is a composite tabulation of all the tests
contained in the six specification sheets. From thilis chart,
1t can be determined whether or not a particular test 1is

» specified, and what the Lot-Tolerance Percent Defective |
(LTPD) number is. The letter "S" indlcates that the entire
qualification lnspection lot or procurement lot is tested. -
A blz: - space indicates that the speciflcatlon sheet‘does
not require that the test be performed. Thils infdfmation
may be urced to indicate the relative effectiveness of 1a
speclification sheets test requirementsﬂin éssuring lot
quality and reliability. The accuracy of such an analysis
depends on the degree to which the foliowing assumptlions are
valid: . ‘ .
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(1)

(2)

The test conditicornz specified Tor similar test
requirements in each of the six specification
sheets are reasonably identical.

This assumption is based on the fact that all
environmental tests in all six specification sreets
refer to MIL-STD-750, Test Methods for Semiconductor
Devices. Variations in stress levels where such

levels are called out by the specificatvion sheet

were held to be regligible. The applied voltages

and current levels specifled for the measurement

of operating characteristics (electrical parameters)
vary among specifications as well as among Specific-
measurements. In each case, however, the conditions
are éypical of those the device would see in nor-
mal service. In addition, these dcnditions do not
represent stress levels upqn-whigh:any differentia-
tion between the spécifications éan be based. It

is cpncluded, thérefore, that the first assumption
is sufficiently'true for the purpcses of. this
analysis.

The pass-fall criteria specified fof a particular
test requirement contati..d in two or more of the .
Sixlspecification sheets differ only with regard

to aifferences in functional design between

related parts. Example: Differences in maximum
allowable junction capacity between transistor
types is immaterial to the analysis if the differ-
ence 1s, in fact, attributable to.differences '
1n,Junétiod area as imposed by the devicg designers.

- This assumption is considerably more difficult to -

i ot L
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Justify. With few exceptions (visual inspection,
physical dimensions, lead fatigue, solderability),
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the pass~fail criteria are based on electrical
measurements {end-point tests). The problem pri-
marily concerns the number of electrical measure-
ments made and the procedure useé in making them,
both of which elements vary considerably from one
specification to the next. A detalled examination
of the end-point tests indicated that variations
In maximum or minimum limits among specifications
for specific tests are négligible. Existing dif-
ferences are attributable mostly to functional
design.

The number of electrical measurements required for eﬁvi-
ronmental end-point tests vary from two to fourteen between
the six specifications. For life-test end poihts, thé varia-
- -tion 1s from two to six measurements. It 1s reasonable to
assume, however, that two measurements properly selected can
be as effective as fourteen in detecting a failure attribut-
able to any of the environmental or life-test conditions_con-
tained in these specifications. The specifications reduirihg
only two measurements_spécifj Collector Cutoff Current (Igpo)
and Static Forward-Current Transfer Ratio (hpg). For the '
purpose of this analysis, these pwo measurements are held to
be adeqﬁate, although additional measurements may be quite
useful for specific applications. T

7 Although &1l the specifications utilize attributes

_ {go-no-go) testing, three of the six specifications specify
a maximum allowable variation (delta testing) .on selected ,
measurements, in additicn to specified maximum-minimum limits. .
_Whefe such additional criterla occur, 1t becomes exceedingly
difficult t6 appralse the severlty of the pass-féil criteria,
‘ When delta testing is imposed, 1t beccomes possible to detect |
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devices that are unstable to the point of being judged
defective. Obviously, the pass-fail criteria increase in
severity as the allowed variation is reduced. The effect of
this increase in the severity of the criterla 1s impocsible
to appraise. Of the three specifications that incorporate -
delta testing in addition to maximum-minimum limits, one
specification does so with regard to one out of three life-
test end points; another does so with regard to three out

of five life-test end points; and the remalnlng specification

does so with regard to two out of two life-test end points.

o

The latter specificaticn also utilizes the delta procedure for
a limited number of qualification and acceptance environmental:

tests. .

The assumption that the failure criteria are sufficliently

equal for the purposes of this analysis is exceptionally good
_for the environmental tests since only a limited number of

the environmental tests from one of the slx speciflcations
are affected by the delta testing,procedure. The assumption

sufficiently valid for purposes of the analysis.

Table 5 numerically rates the relative effectiveness of
the test requirements callad out in the six specification
sheets with regardﬂtc the ability of each to assure a given
level -of quaiity and reliability. The ratings are based on
the .LTPD numbers stipulated in the specification sheets
for the tests shown in Table 4. These tests were divided

"~ into three groups: (1) tests to assure that the devices

possess the desired operational characteristics, (2) 1ife
tests, and (3) environmental tests.

The number of operational characteristics'specified-in

the six specification sheets ranged from elght to fourteen.,

It 1a sagumed that the number of tharactéeristics specified

- S P T N SO PR L SR

" 1s less valid when. applied to life tests, but it is considered
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TABLE 5
RELATIVE~EFFECTIVENESS RATINGS OF TEST REQUIREMENTS
IN SIX SPECIFICATION SHEETS
) Test Requlirement
Specéﬁig:tion- Environmental | Chaggzizgiggics Life ‘Total
Tests Tests Tests | Testing
Qualific:..ion Test Rating
Lockheed T2 100 93 265°
NASA/UTC 66 96 93 255
MIL-S-19500 60 ‘ 100 93 253
MIL-R-38100 . 51 100 9 | 2m
MIL-M-23700 58 96 | 8 228
NPC-200-3 : 39 (100 45 - 184
Acceptance Test Rating. )
MIL-S-19500 |: - 63 90 . 90 243
MIL-M-23700 .. 51 96 81 228 .-
Lockheed 75 96 4s 216
NPC-200-3 ~ 39 _ 100 51 190
MIL-R-38100 - 36 00 | u8 184 -
NASA/UTC 39 | 96 48 183
NOTES: (1) Best possible rating is 100 for particular test;
- - 300 for total testing.
(2) Each specification sheet is identified in this table
. by the name of thevupecification system of whicn 1t
is a part
' 33
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was immaterial and that all the specifications specified a
sufficient number of characteristics adequately to describe
the devices in relation to their application.

The rating listed in the "Operating Characteristics
Tests" column of Table 5 is based solely on the LTPD stipu-
lated for the "Operational Characteristics” test in Table 4.

The rating listed in tiie "Life Tests" cclumn of Tabie
is based on the average orf the LTPD numbers sfipulated for
"Operating Life" and ."Storage Life" in Table 4.

" The rating 1listed in the "Environmental Tests" column
of Table 5 1s based on the average of the LTPD numbers stipu-.
lated for environmental tests ( Visual' through "Intermittent

“Operation" in Table 4).

All ratings shown in Table 5 are based on the relation-
‘ship of 100 minus the LTPD or average LTPD. As the LTPD or
average LTPD approaches 100, the associated rating in Table 5
approaches zero.

In cases where a particular test was not specified, an
LTPD of 100 was assigned. If the specification stipulated
a 1004 screen for an acceptance lot, an LTPD of zero was

‘assigned, . ' - _ -

Qualification tests were rated somewhat differently._ R ~
w1th the exception of the visual examination and opérational-
characteristics tests, a screen was considered to be equiva-
lent- to. an unspecif'ied test,and was assigned an LTPD of 100.

If the screen was followed or preceded by a sampling plan,
the LTPD of the sampling plan was used., This procedure was

based on the fact that screening tests provide negligible

" information régarding a manufacturer's fitness for qualifica-.
tien appreval, In the eamae of the visual examinatien and.

-
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operational characteristics tests, this linditation does not
apply. These tests and examinations assure that the devices
on which qualification testing is being performed are, in
fact, the devices for which gqualification 1is being sought.

For both qualification and acceptance testing, a few of
.the tests were considered to be equivalent; in such cases the
DTPD of the equivalent test was used 1if its counterpart was
unspecified. Tests considered to be equivalent are as'
follows: ‘

(1) oOperating Life, equivalent to Burn-In at the same -

power level and ambient temperature,

(2) Storage Life, equivalent to High Temperature Stabi—
lization at the same temperature,

(3) Thermal Shock, equivalent to Temperature Cycling
between the same temperature extremes.

: In addition, if the specifiled time for Burn-In exceeded‘
200 hours and a maximum allowable variation was imposed on
the measured parameters, the Burn-In was considered equivalent

to an‘Operating Life Test.

35
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3. ANALYSIS RESULTS

The six specification syshems listed in Section 2 are
compared in this section with regard to the manner in which
they affect the cost, delivery time, and reliability of the
devices prccured under them. '

3.1 Rating Chart

The results of the comparative analysis are shown in the
rating chart, Table 6. This chart consists of selected sub-
Ject headings from the general composite index, with a rela-
tive rating assighed to each of the systems for each of the
selected headings. Headings for paragraphs that contain only
descriptive statements and instructions are .ot included in
the rating chart. A subject headirg in the general composite
index must relate to a specific rQQuiremen; or elaborate on
the extent ofva previously statc¢. requirement in order to be

included in the rating chart. 2re a pérticular system~

provides no reguirement or inforuat .on peritinent to a glven
heading, no rating is assigned. In genc...., the ratings vary '
from 1 to 6. The ratings differ when, in the opinion of

ARINC Research Corporation, a significant difference exists
between two or more of the specification‘systems. The.raping

rsystem—makes no distinction as to the degree of difference

that may exist. However, where radical differences are

‘ evident, an appralsal of sueh differences is given in the

rating commentary, Section 3.2.

A separéte rating 1s assigned to as many of the three -
factors (cost, delivery time, and reliability) as are affected
by a particular subject heading.
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In general, a numerically lower rating is indicative
of lower cost, shorter delivery time, and greater reliability
assurance. Numerically identical ratings indicate that no
significant difference exists between specification systems

so rated. .
S
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TABLE 5

BZLIAEILITY,rcOST, AND DELIVERY TIME RATINGS OF SIX
SPECIFICATION SYSTIH4S ACCORDING TO SUBJECT HEADIISS

. Specification Systuin Ratings¥*#
Line Rated T
Number Subject Heading Factor* | MIL-R- | Lock- | NPC- | NAS./ | MIL-S- | MIL-M-
38100 | heed |200-3 uze 19500 §23700
1 Reliability Assurance Plan R 1 2 4 3 5 5
’ Cc 5 4 2 3 1 1
2 Relilability Level R 1 2 1
Classification
3 Reliability Assurance Plan R 1 2 4 3
Documentation c 4 3 1 2
4 Organizational Structure b 1 1 1
[ Y 1 1
5 Training Program R 1 1 1
’ C 1 1 1
6 Description of Production - R 1 3 2 2.
Processes and Controls c 3 1 2 2 ’
7 Proprietary Processes and R 1 1 1
Procedures C 1 1 1
8 Procurement, Production, and R 1 2 .3 2
Control Documents (o} 3 - 2 A 2
9 Documentation Responsibility R 1 2
C 2 1
-10 Avallability and Review of R 1 2
Documentation
11 Yield R 1 2 <
C - 1 .
12 | Manufacturers' Facilities R 1 2 | ,2 2 3 3
. ' c 3 2 2 | 2 1 2
13 Quality Control Requirements R 3 - 1 2 1
. [ 1 3 2 3
14 Control of Nonconforming Parts R 1 1 1 1 b
and Materlal c 1 1 1 1 1
15 Callibration of Test Equipment R 1 2 3 3 3 3
) C 3 2 1 1 1 -l
16 Failure Analysis-and Corrective R 1 3 y . 2
Action ¢ 4 2 1 3
1T Failure Reporting R 1 2 2 2
c 2 1 1 1
18 | Failure Mode Identification R 1 2 2 1
and Audit c 2 1 1 o\ 2
19. Fallure Analysis of Discrepant R 1‘ 1 1 1
Part C 1 1 1 1
20 Failure Analysis Capabilities R 1°
' and Techniques C 1
21 Corrective Action R 1 1 2 1
c 2 2 1 2
* R ~ Rellability; C = Cost; T = Delivery Time,
#*  See Seotion 3.1 of text lor rating oxplanation,
(continued)
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TA%TE 6 (continued)
Specification System RatingoH+
Line . 3 Rated
Number Subfect Heading Factork | MIL-R- | Lock- | NPC- | :A5A/ | MIL-S~ | MIL-M-
38iC0 | heed |200-3| UYC | 19500 | 23700
22 Improved Prototype Parts R i |
C
23 Evaluation of Corrective R 1
Action C 1
24 Prototype-Improved-Parts R 1
Evaluation Tests C -1
25 Improved-Part Approval R 1
C 1
26 Elapsed Time for Approval R 1
[o] 1 )
27 Test Data Transmittal R 2 1 2 1
C 1 2 1 2
28 Standardized Document Forms R 3 1 2
[ 1 3 2
29 | application Data R 1 1
c 1 1
30 Qualification Requirementﬁ R 2 1 6 3 4 5. )
C 3 3 1 2 2 2
31 Materials Design and R 1 1 1
- ConstructionA C 1 1 1 l
32 " ‘| Part-Fallure Rate Level R 1 1 1
33 Qualification Inspection R 2 1 6 3 4 5
. Requirement C 2 6 4 5 3 - 1
34 Qualification-Test Sample R 1 1 1 1 © 1
Parts [+ 1 1 i 1 1
35 |Initial Failure Rate Tests R 2 1 m 1 1 3
. 1 c 3 5 4 6 1 2
36 Qualification Test Data R 1 1
C 2 1
37 .|Verification of Qualification R i 1
R Data
38 Qualification Maintenance and R 1 2 2
Requalification - c 1 2 2 .
39 Failure Rate Adminlstration R- 2 1 .2
¢ 2 1 2
40 Failure Rate Test Records R 2 1 2 i
’ C e 1 2
41 | Certification of Failure Rate R 1 1 1
. Level ’ c 1 1 1
42 Exemption of Data R 1 1 b
. g C 1 1 1
43 Reinitiation of Data Accumula- R 1. 1 1 K
tion ) c 3 1 ;
44 Correction of Failure Rate R- 1 1
. Level c 1 h
* R = Rellablility; C = Cost; T = Delivery Time.
*% See Section 3.1 of text for rating explanation.
. (continued)
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“ARLE € {continaed)
Specificatior. System Ratings#*
Line . .| Rated
I Number Subject Heading Pactor* | MIL-R- | Lock~ | NPC~ | NASA/ | MIL-S- | MIL-M-
38100 heed 200-3 UTC 19560 | 23700
) 45 | Certification to a Lower R 1
Fallure Rate Level C 1
46 Homogenelty Requirements R 1 1
47 Handling, Assembly, and Test R 1 by
Precauticns C 1 1
48 Marking Requirements R 1 1 1 2 1 2
C 3 2 2 1 4 3
49 | pate Code A 1 | 1 1 1 1
. Cc ). 1 1 1 1 1
50 Prefix o 1l 1
51 Manufacturer's Identification R 1 1 1 1
C 1 1 1 1
52 Qualification Designating Code c 1 S 1
53 Country of Origin o 1 1
54 Terminal Identification c 1
55 | Part Number c 1 : 1 1 1 1
56 Polarity ¢ 1
ST Military Designator and Reli- [ 1 1
ability Indicator E
58 Value c 1
59 Tolerance C 1
60 | Seriallzation c 1 1 1
61 Minimum Marking c ' 1
62 Parta and Materials, General R 2 1 3 1 3 3
Requirements
&3 Fungus-Reslstant Materials R 1 1 1 1 1 1
C 1 1 1 1 1 1
6l Solder R b 1 -
o} 1l 1
€5 Soldering Flux 3 R ’ 1
c 1
66 Terminal Insulator R 1
: c 1 )
67 Sleeving Insulation R 1 .
. ¢ 1 ;
S €8 Phyelcal Condition of Meterials R 1
. ’ c -1
69 Metals R 1 b} 1 1
[+ 1 T . 1 1 1
- -70 Unacceptable Materialas R 1 -
: ‘ c | 1|
* R = Reliability; G = Cost; T - Delivory Time. ’
## Sea Seotion 3.1 of text for rating explanation,-
’ (continued)
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TIDLE © (continued)
. Specification System Ratinga*#
Line Rated
Number Subject Heading Fastor* | MIL-R- | Lock- | NPC- | NASA/ | MIL-S- | MIL-M-
38100 heed 200-3 uTce 19500 {23700
1 Dissimilar Metals ’ R
C
72 _ | Terminals and Leads R 1 1 1
¢ 1l 1 1
13 List of Materials R 1l
(o} 1
T4 Design and Const.uction, K 3 1 3 3 3 2
Generali Requirements c 1 3 1 K 1 2
5 Soldering R 1
o] . 1
76 Terminals and Leads R 1
C 1
77 Threads R 1
. C 1
78 Standard Operating Voltagec ki N 1
. C 1
79 Pault-Location Test Points R 1
Cc 1
80 Workmanship R 2 1 2 2 2
B C 1 1 1 1 1
81 Witness of Inspection R 1 1 1 1 ‘.
32 Ingspection Conditions ‘R 2 1 1 1 1 {
Cc 1 2 2 2 2
83 Inspection Following Storage R 1 - 1 - 1
. c 2 1 1
84 Qualification Testing, R r 1 6 2 3 5
T 1 2 2 2 1 1
c 2 6 4 5 3 .1
85 Acceptance Tes.ing - R -5 3 L 6 1 2
T 2 2 1 2 2 2
¢ 3 5 . 6 1 2
R6 Early Shipment R -2 1 1 2 3
. T 2 1l 1 2 2 I
87 Disposal of Sample Devices R 1 1 1 1 1
. C 1 2 2 1 1
88 Methods of Examination, R 1 1 2 1 1 1 5
: Inspection, and Testing T 1 1 1 1 1 1
c 1 1 1l 1 1 1
89 Environmental Testing R 5 1 4 4 .2 Z
c 3 6 2 1: 5 :
90 Preparation for Delivery R 1 1 2 1l 1 )
c 2 2 |.1 2 2 2
* R = Reliability; C = Coat; T = Dclivery Time,
**  See Section 3.1 of text for rating explanation, s
L2
4 s i 7 gt i o -
il W TRA A e st e s e R G ettt VI v, 1 s aberend b+ o met a1 G e £ B s ik ki, it e i XAP R e Tt 4 r—!;. ":'",
noem TR



4]

3.2 Rating Commerizry
The following commentary discusses briefly the scope and.
meaning of the specification provisions indicated by the
subject headings of the rating chart. In addition, where
. appropriate, the advantages and disadvantages are discussed
and the assigned rating is explzined,

The nunbers to the left of the commentary are the line

<
numbers of the rating chart, Table 6,

1 Stipulates the reguirement for a reliabllity
assurance plan.>,Detailed requirerients for such
a plan are given on lines 2 through 28. The
ratings assigned to line 1 reflect a summary of
the detalled requirements. The Lockheed and
NASA/UTC documents reference MIL-R-27542, Relia-
bility Program Requirements for Aérospace Systems
Subsystems and Equipment, and the ratings assigned
to these two documents are based on compliance ‘
with the referenced specificatiod; Although
MIL-S-19500 and MIL-M-23700 specify a Tew of the
elemenis of a reliability assurance plan, neither
document specifies a reliability assurance plah as
such. The omission of a detaiied reliabiliﬁy
assurance program makes questionable the use of ©
tﬁese’documents {or the procurement of high-
feliability\devices. '

2 Specifies the maximum failure rate Qor~which quali-
fication will be granted. In addition, the various
fa. . re-rate levels for which qualification may be
granted are defined. This concept makes it~possible
for a manufacturer to qualify at the lowest failure
rate compatible with his capabilitlies and to Peceivé

N gy
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remuneration acccrcingly. Those specilicaticens
which provide for qualification only tc z single
failure rate or rellabillity level generaily do not
encourage a manufacturer to put forth his List
effort to build high-reliability parts. Such
encouragement is considered vital to a procurement
specification for high-~rellanility devices.

Specifies the geheral requirement for documentation
necessary for maintaining and administering the
reliability,assurénce blan. The detailed require-
ments for such documentation are given on lines 4

through 11. The ratings assigned to line 3 refiect

~a summary of the detailled requirements.

Requires documentation delineating responsibility
and authority of those personnel associated with
the reliability assurance program.

Speéifieslthe establishment of a training program
~involving all aspects of the production of devices
under the specificatlon. The requirement includes
provisions for all documentation needed to conduct
such a training program, in addition to repbrts to
the qualifying activity deseribing the program.
The Lockheed and NASA/UTC documents reference
MIL~R-27542. The ratings assigned to these two

documents are based on the assumption that the refer-

~enced specificatlon, In 1ts entirety, 1s a specifié
requirement. ‘

The provisions’for a comprehensive tralning progfam L

are considered vital tp high—reliabilitj speclfica~
tions. )

4l
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Reguires that documentation be prcvided to describe
all procducvion processes and contrcis. The differ-
ences in assigned ratings are based on differences
noted in the extvent of documentation rogulred.

Requires specifically that proprietary processes
and procedures be documented. The extent to which
this provision can be enforced is questionable
since disclosure'of sucn documentation to the pro-
curing acvlivity is not, and probably cannot be, a
requirement. ' ‘ "

Requires the identification of all docvments perti-

-nent to production, procurenent, and test processes.’

The diffzrences in assigned ratings are based un
variations in the number of .document types specifi-
cally detailed for identification, and on the
extent to which identification must be carried. The

Lockheed anc NASA/UTC documents reference MIL-R-275H2.

The ratings assigned to these two documents are
based on the assumption tnat the referenced specifi-
cation, in 1its entirety, is a specific requirement. .

Speciflies that the qualifying agency be informed
of personnel designated to maintain control of

‘required documentation and that certain specific

documentation be signed off by designated personnel.

Requires that all documentation be available for
review. -

Requires that yield information, presented in ratio

- form to protect proprietary interests. he submitted

to the qualifying activity. Such information is an

M,excglleﬁ% indication of process control status.

45

- TRl

. AR vy, G M5 A5 e PRTIAN




12

14,

.15

16.

Though the exact yielid is unknown, &1e1d variations
over a time period are made evident. This concept
is considered vital to procurement specifications
for high-reliability parts. ’

Stipulates the minimum facilities that must be pro-
vided, as well as certain specific conditions under

. . Wwhich facilities must be used. It may also require

documentation of production and test equipment.

Requires that the ﬁanufacturer institute a quality
control system for operaticns that affect the pro- .
duction of devices under the specification. The
actual requirements regarding quaiity control vary

“widely. The Lockheed and NASA/UTC documents

reference:MIL-Q—9858-Quality Control System require-
ments. MIL-R-38100 simply requires that the -manu-

- facturer institute "a quality control system".

Requires that nonconforming parﬁs,,lots, and‘mate-

rial used in the manufacturing process be identifiled

and segregated from acceptable: items.

Stipulates defailed requirements for test equipment
calibration. MIL-R-38100 references MIL-C-45662, .
Calibration System Requirements. '

States the general requirément for a failure-
analysis and corrective-action plan. The assigned
rating reflects the detailed requirements (stated-

on lines 17 through 26) for such.a plan., The inclu~

sion of such a plan 1s considered imperative for the
procurement of high-reliability devices: Only
through a detalled failure analysls program can
improved reliability be attained. The Loekheed

e P TR ’ R I MR B SsSB4 S eiads
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18

19

20

21

and NASA,/UTC dccuments reference MIL—R-27542. The
ratings assigned these two documents are based, in
part, on the assumption that the refer-enced speci-
ficatlion, in its entirety, is a specific require-
menrt.

Stipulates the extent to which failures are
repofted and the marner in whilch fallure reports
are made. Since: such reporting provides the basis
for the evaluation of failures and subsequent part
Improvement, this provision is vital to procurement
specifications for high-reliability parts.

Stipula}es that the mamufacturer will establish a;
list of all known falilure modes relevant to the
devices procured under the specificatioﬁ. Various
types of data related to fallure modes are also
required. )

Stipulates when failure analysis is required, as
well as the requirements for repdrting the results
of such anralysis.

Staﬁes the minimum facilitles and equipment a

. manufacturer must possess for performing fallure

analysis. This requirement is. advantageous in

that 1t helps define the extent of failure analysils
desired by the proéuring activity. Such a provi-
sion reduces the possibility of minimal effort in
an area vital to device rellability.

Requires the manulacturer to recommend a course

of corrective action for the elimination of fallure

modes uncovered during the course Qf failure analy-
sls. The requirement is vital for improved relia-
bility, but iv must be carefully administered.

47,
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25

26

27

Changes 1in the manufacturing process based on such
corrective action can conceivably lntroduce more
serious fallure modesthan those they seek to ellimi-
nate. ' ‘

Specifies the conditions under which prototype parts
are to be fabricated. This provision 1s meant ¢to

-assure that established production procedures wili

not be affected until the prototype parts have been
evaluated.

Specifies the types of studles that shall be used .
to evaluate the prototype parts to determine that

. suggested corrective action 1s sufficient and

wlthout deleterlious side effects.

Requires the testing of the prototype parts as
part of the evaluation process.

Requires the;submission-of the results of the
studies and tests performed oh the improved parts
to the qualifying activity. This provision enables
the qualifying activity properly to administer and
control suggested corrective action resulting from
fallure analysils. .

Stipulates the maximum time required for approval
of suggested corrective action. Provision is made
for automatic approval after a specified time lapse.

Stipulates what test data are to be submitted and

~the frequency of submisslo:
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29

30

31

32

Stipulates the format to be used for submitted.data.
This provision is particularly important 1f data
are to be processed autcmatically, which is gener-
ally the case.

Requires the manufacturer to submit application
data on the devices procured under the specifica-~
tion. This provision is highly desirable from a
reliabllity viewpoiht: when properly administeréd
it could reduce the occurrence of field fallures
attrihutable to device-misapplication.

Summarizes the detailed requirements for qualifica-
tion, which are contained on lines 31 through 36.

The ratings assigned to line 30 reflect the ratings
assigned to the detalled requirements. In certain

-specification systems, qualification approval may

iequire prior establishment of a reliability
éssurance plan and advance submission of applica-
tion da%a. The ratings assigned to this line
reflect the total reQuirements for qualification,
incluéing testing. ”

.Stipulates that the qualifying activity be informed

as to the nature of the materials and the design.
and construction criteria used on the devices for
which qualification is sought.

Applies only vo specification systems that provide
for qualificatlon to more than one failure rate.
The fallure rate for wirtlch qualification 1s granted

-may be chosen by the manufacturer or stipulated by

the procuring activity. In eilther cése, this pro-
vision requires that the selected fallure rate be
established by test prior to qualification approval.

b | R
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34

35

:36

37

38

Wr RO ¢ RTINS Y

Stipulates the requirement for qualificatlion
testing. The assigned rating is based con the

total requirements for qualification testing and it -

reflects the ratings assigned to lines 34 through
36 and line 84,

- Stipulates the general conditions under which a
sample for qualification testing may be selected.

Speciflies the general conditions under which fall-
ure rate testing for qualification 1s to be per--

formed. The reliability ratings assigned are based

primarily on data presented in Table 5. The cost
ratings are based primarily on the required number

of electrical measurements. All data are based on -

‘a fallure rate level of approximately 1% per 1000
hours.

Requires the transmission of varlous qualifilcation
tést data to the qualifying activity. The differ-
ences in the assigned cost ratings are based on
subétantial differences in data requirements, which
result in gross varlations in the amount of data
submitted.

Requires'specific personnel to be réspohsible for
the accuracy and compXeteness of qualification
test data. '

Outlines the conditions under which quélification
wlll be withdrawn, and the procedures required for
_requalification, The ¢ifference in assigned
ratings 1s attributable to the variation in the
eonditions under which quaiification is withdrawn,
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Stipulates the general requirements for establishing

~and maintaining qualification for various fallure-

40

1

42

43

Ly

rate levels. This provision .8 meant tO assure
that adequate records are kept regarding test data,
parts tested, ete.; 1t is particularly desirable
when data accumulation plans are used to establish
gqualification to lower failure-rate levels. The
ratings assigned to this line are based on the |
ratings assigned to lines 40 through 43.

Stipulates the extent to which records will be

maintained for failure rate testing. In some '
speclification systems, a particular format for
records 1s specified. When data accumulation
plans are used, the procedures for such plans are
stated in this provision.

Stipulates the records and data that must be sub-
mitted periodically to the procuring activity to
assure that a particular failure rate is being
maintailned.

Requires the identificatlon of questionable test
data. Such data may result from faulty test equip-
ment or operator error.

Stipulates detalled data-recording'requirements for
specification systems that allow data accumulation
for failure-rate determination.

Requires that the procuring activity be informed
1f accumulated failure-rate test data indicate a
reappraisal of the assigned (qualified) failure=-
rate-level.

51
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48

49-61

Specifies the brocedures a ménufacturer must follow
if he desires to qualify for a lower fallure rate.

Stipulates that all materlals, processes, and pro-'

cedures used to construct qualification-sample

Qevices be the same as those normally used in the
course of production of procurement lots. In addi-
tion, 1t may be stipulated that all materials used
shall be of sufficlent homogeneity to assure uniform
lots.

Requires that procedures be instituted to safeguard
the devices adequately from abuse during product;on
and testing.

Stipulates the required marking of devices. The
ratings assigned reflect the reguirements of lines
49 through 61. ' ’

These provisions concern the marking that may

appear on-a device. Not all marking noted is
mandatory. The extent of marking for a partilcular
device type 1s generally contained in the item
specification. Line 61 indicates minimum marking
requirements for all devices procured under a .
particular specification systen.

A relilability rating was assigned to lines 49 and

51 because the marking provisions indicated by

these lines enable part traceability from field use
back to devize production. Such traceabllity is

desirable as an _aild to failure analysis.




63

64

65
66

67

68

69

70

Specifies tlie general requirements for parts and
materlals used in the constructlon of devices
procured under the speclfication. The assigned
raoings are based on the ratings assigned to
lines 63 through 73, which contain specific
requirements.

Specifies that materials will be non-nutrient to
fungus.

Stipulates the use of specific solders. In addi-
tion, lead material must be suiltably treated to

facilitate soldering.

Stipulates the use of a specific soldering flux.

Stipulates the use of specific materials for

‘terminal insulators.

Specifies that sleeving insulation be of the type
material that shall withstand the stipulated tem-
perature range. A statement describing the material
used must be submitted prior to qualification.

Specifies that all materials used in device con-

: 8tructlion shall not fall in various stipulated .

ways when subjected to the environmental condi~
tions called out in the aspecification.

Requires that metals used in device construction

- be treated to resist currosion,’

Requires that vartous stipuia%edfmaferiaig nat be
used unless hermetically encased. Materials capable
of sgppqrtlng fungus or combustion shall not bve
used.

53
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T2

73

‘7)4

T5.:

Specifies that dissimilar metals snall be

protected against electrolytic corrosion.

Stipulates the use of specific material for termi-

nals and leads. This material shall not exhib’.t

various specifled characteristics when viewed
under_magnification.

Specifies that a complete list of all materials
used in device construction be submitted for
approval.

Stipulates the general design and construction

requlirements.

The ratings assigned to this line
partially reflect the ratings assigned to lines 75

through 79, which contaln additional detailed
design and construction requirements.

Stipulates specific precautions that must be

observed during any soldering operation.

Limited

criteria'fpr appralsing the adequacy of soldered
connections are stated. )

A Specifies'that terminals and leads be sp-construéted
that thelr movement wlll not damage materials to
which they are attached.

Specifies minimum thread engagement. Threaded
connections are to have some form of locking
~device to prevent loosening during vibration.

Stipulates that specifiled standard operating supply
_ voltages be used. This requirement is generally
applicatle only to systems; in this case 1t applies
to a microelectronic circuit,

54
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79 .

180

81

| 82

Stipulates trau vest points be made cvailable on
the devic=. Zris recuirement is nct Z2nerally

applicable. £o Giscrete devices.

Stipulates the general requlirement for quallty
2

vworkmanship. The difference in ratings is related

o the degree of detail specified.

tipulates that the manufacturer alliow bhe ouali-
fying or procuring. aCbLVlty access %o FPOdhCuiOH

a1d test zareas 1nvo]v¢n5 ccv1ces procured under

the specificat on. The prov¢51on primarily COﬂcerns:
'testing, and it generally contalns. special provi—
sions for the p;o@eetlon oy proprietarj interests.

s

'Stibulates @v001f*c ewv1"onmnnbal test conditions

that must be m“lntalned in the absence of a de@ailed

. environmental ﬂeQU¢rement The provision is gener-

ally a defxnltion of. room ambienu c0ﬂa1tions but

it may specify ce;tain restrictions regarding elec-
tric power, cyclic operation, and total operating /
time. MIL-R-38100 allows the manufacturer to per-
form acceptance testing at prevalling conditions

of temperature and huhidity 1f conditions are not

otherwise specified.

Stipulates that devices may remain in storage a
specified time before retesting is required. The
cost ratings assigned are based primarily on
length 6f storage time allowed prior to shipment
without retesting. Varlations in'maximum storage
time before retesting is required'were held insig-
nificant from “he standpoint of reliability.
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cests
reguired for g nizgh-szoeed silicon swit Cﬂl“ yean-
sistor, except in rIL—“-23 ‘00. In MiL-M-23700, the
rating is based on clali tion-test reguirements
for a silicon semicorductor functional block, (See
Section 2.2.) Failurs-rate ievels of 1% per 13D
hours were assumed in the evaluation of specifica-
tion.systems that.provide for guelification to
various failuyre-rate levels. Tn*u 1s approximately
the same level of reliability as the level assured
by the qualification test requirements of the

remaining systems. 7 - S -

" The assigned reliabiiity ratlngo are based on an

appraisali of how elfective the specified tests are
in assuring that a manufacturer vossesses the
desired capabilities for production. QuAlification
testing in itself, of course, adds nothing to the-
inherent reliability c¢f the devices fer which gquali-
fication is granted.

Stipulates the i«

(l)

st requirenients for lot acceptance
of a particular end-use item. The assigned ratings
are based on accevntance test requirements for the
same type of devices described in line 84. (See
Section 2.2.)

Reliability rat are basz2d on an appraisal oi”
how effective “he acceptance tests are in assuring

a glven level of quality and reliabllity.

U)

ne
l.)

For analysis purposcs, testing requirements were
separated intc the three areas of {1) environmental
testing, (2) overating-characteristics testing, and




(3) 1life =es5:'n

assured T 22 ecua. to The othersin .mzorfance. The

. macnh of these %inrese areas was
assigned ratings are bpaced on the tolal scores shown
in Teble §. These scores are based or. thi extent

of testing requlired and the LTPD associated with each

Delivery-time ratings are based primariiy on the

fer life tests. Pro-
visions for éarly shirment were rot considered. It
is extremsly difficult, if not impossible, to make
an appraisal of relative deiivery time since the
factors of greatest inf'luence are often cutside the
specifications. These factors include such items as
t2st-equipment scheéuling.and administrative delays.

Cost"rétings are based primarily on the number of

~electrical measurements reguired to substantiate the
requisite operational characteristics and to provide
for the end-point checks on environmental testing.

A procurement lot of 1000 units was assumed for the

compucation of required electrical measurements.

The assigned ratings indicate, on the basis of the

analysis technigues used, that thcse specifications
which produce the highest test cost are not neces-

sarily the most effeétive in assuring a given level
of qualivy and reliability.

The cverall test requirements of MIL-S-19500 are
rated as the most effective and the least expensive.
The test recuirements of the NASA/UTC document cre
rated nct only as the least effective but also as

>

ve,

}.h

among the most expens
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Specifications this reguire 100% acceptiance scereens
i

Increase test coets radically over costs o7 specifi-

.
(V4

P O

cations th

The degree ©o which the specificetions differ with
regard to the cost and effectiveness of test require-
ments can be determined by reference to Tables 3
through 5.

Stipuiates the conditions under which procurement
lots may be shipped before the completion of life
tests on a selected sample. The differences in the
assigned reliabllity ratings are based on the degree
of éontrol exercised ove., early-shipment provisions
in each of the specifications. The delivery-time
ratings are based-solely on minimum test time

-required before shipment is possible.

Stipulates the disposition of sample devices that
nave undergone the various tests required by t:e
specification. Except Tor devices subjected to
destructive tests or devices that fall, this pro-
vision states that the devices are to be shipped as
part of the purchased lot or are to be retained by
the manufacturer. From the viewpcint of reliability -
assurance, there appears to be no’material‘advantage
in having these devices retained. The cost retings
are based on whether or not the manufacturer must
retaln devices that have not been subjected to
destructive tests or that have not failed.

Stipulates the condltions and methods to be used

when parts procured under the specificatién are being
tested. Such provisions depend on the generic part
type and, in some cases,.on the individuald part type
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90

under conslacresion. Qne
in thils provicion is the
the specifications under
MIL-STD-75C, Test Methods

Stipulates the environmen
on cdevices procured under
composite list of. <che env
ments of the s'x specific
is shown in Table 4 (1line
speciflic part type. The

are hased on the environm
scores shown in Table 5.

on the number of environm

acceptance.

Stipulates requlrements f
packaglng of devices fo:
additlon, this paragrapi
ments for the marking of
Specilal conditions under
accomplished may also be

The assigned ratings are
detail specified.

genewric pars type consicdered
semicorductos ~roup. All of
discussion rerer to
for Semiconductors.

tal testis to pe performed
the specification. A
ironmental test regulre-
ations under consideration
s 4 through 26) for a
assigned reliabllity ratings
ental-tests-for-acceptance
The cost ratings are based
ental tests required for

or thne preservation and
storage or shipment. In

‘contalns applicable require-

containers and packaging.
which packaging 1s to be
included.

based on the degree of
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APPENDIX

FLOW CHARTS FOR QUALIFICATION

AND ACCEPTANCE TESTING
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